A study on the genesis of the third heart sound (S3) based on the mass-spring model is presented.
SUMMARY
A study on the genesis of the third heart sound (S3) based on the mass-spring model is presented.
In such a system the natural frequency of vibration depends on the stiffness constant and the mass according to a physical law. The amplitude versus frequency spectra of S3 of 19 patients were obtained using the FFT algorithm together with mono-and two-dimensional echocardiographic parameters. Each echo parameter was correlated with the relative energy contained in each of the 15 Hz bands in which the normalized average spectrum of S3 of each subject was divided.
The relative energy of each band was related to echocardiographic parameters.
Significant correlation coefficients were found between the diameter of the left ventricle measured at the end of the rapid filling phase, the thickness of the posterior wall and of the interventricular septum at this moment, and the energy contained in certain frequency bands. The statistical correlations we have revealed are consistent with the model postulated in our hypothesis. The physiological mechanisms underlying the genesis of this phenomenon are still somewhat unclear. Three principal theories have been proposed:
1) The valvular theory attributes S3 to the sudden stretching of the val-Jp n. Heart J. For each subject the average of eight spectra was obtained. The spectra of all patients were normalized with respect to peak amplitude and then divided into 15Hz bands (Fig.1) .
For each of these bands the area under the curve of the spectrum was calculated using a trapezoidal technique and assumed as an index of the energy contained in the band. This area was then normalized with respect to the total area of the curve of the entire spectrum. 15) c) Echocardiographic parameters The echocardiographic mono-and two-dimensional studies were performed using a commercially available sector scanner. Patients were examined during held expiration and the heart was visualized using parasternal and apical transducer locations. The M-mode tracings were recorded together with a phonocardiogram derived from the apex.
The following parameters were considered: a) left atrial volume, employing the monoplane ellipsoid formula16) using the transverse and longitudinal left atrial diameters from parasternal and apical four-chamber views; The echocardiographic parameters were correlated with relative energy in the frequency bands.19), 20) d) Statistics Statistical analysis was accomplished using linear regression analysis and standard programs. The echocardiographic parameters were correlated among themselves and with the relative energy in each frequency band. Statistical significance was accepted at the probability level of p<0.05. Table  I . contained in the 0-15 and 15-30Hz bands and the diameter of the left ventricle at the moment of S3 (DS3). The negative correlation coefficient between the energy of these bands and the thickness of the posterior wall (PWTS3) and the interventricular septum (ISTS3) were also statistically significant.
DISCUSSION
Considering the above mentioned structures as elements of a vibrating system, we have postulated the vibration constituting S3 as being generated according to the physical relationship already mentioned.
We have as-sumed the diameter of the left ventricle as an estimation of the vibrating mass (m). Since the mass can be expressed as the product of volume and density and considering blood density as constant, the volume contained in the left ventricle can be computed from Teichholz's formula.21) PWTS3 and ISTS3 have been chosen as an estimation of the rigidity of the system (k). In fact, as demonstrated by Gaasch et al22) and by Mirsky,23) the stiffness of the ventricular chamber is proportionally related to left ventricular mass which can be estimated from the myocardial thickness. This mass-spring system allows an interpretation of the correlations observed in our statistical analysis. An increased DS3 (m) implies a decrease of the absolute value of the k/m ratio. It follows that the natural frequency of the system shifts towards lower frequencies with an increase in the energy contents of this frequency range and a reduction of the energy contained in the higher frequency bands. This justifies the positive correlations between DS3 and the energy contained in the 0-15 and 15-30Hz bands and the negative correlations between DS3 and the energy contained in the 30-45, 45-60 and 60-75Hz bands. On the other hand, if the thickness of the posterior wall and of the septum increases, the k/m ratio increases and the energy distribution shifts towards high frequencies so the energy contained in the low frequency bands decreases (negative value of r) and the energy contained in the high frequency bands increases (positive value of r).
However, for vibrations to be generated the system must oscillate and this becomes possible if a sudden force is applied to it at the time of S3. Arevalo et al11) noticed that S3 coincides with the return to the baseline of the first derivative of the intraventricular pressure and this reflects a deceleration of the blood mass during this phase of the cardiac cycle. Craige and Ozawa12)-14) noted that the negative deflection of the first derivative of the acceleration during protodiastole is particularly deep in subjects with S3. This finding, observed only in patients with S3, suggests that at this point of the cardiac cycle, i.e. at the end of the rapid filling phase, a sudden deceleration takes place along the longitudinal axis of the ventricle. This deceleration was noticeable also by putting the accelerometer on the epicardium indicating a possible sudden intrinsic limitation of the ventricular expansion.
It is possible therefore to think that the force triggering the mass-spring system is represented by the sudden deceleration of the blood mass due to the limited longitudinal expansion of the left ventricle during the passage between the rapid filling and the slow filling phase. The force produced (F=m*a) causes the system to oscillate and the oscillation induces the acoustic vibration, the third heart sound.
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